Bitter melon (Momordica charantia) seed extracts (BMSE) have been used as traditional medicine for treating various ailments, although in many cases, the active component(s) are unidentified. In this study, bitter melon seeds were extracted in water, ethanol, or ethanol: water (1:1). The aqueous seed extracts (BMSE-W) exhibited marked cytotoxicity towards human embryonic kidney 293T (HEK293T) and human colon tumor 116 (HCT116) cells. The activity in BMSE-W was unaffected by heat and proteinases treatments, and eluted in the total volume of size-exclusion HPLC, suggesting the small, organic nature of the active component(s). Gas chromatographic-mass spectrometic (GC-MS) analysis of the HPLC fractions identified methoxy-phenyl oxime (MPO) as a major active component. Acetophenone oxime, a commercially available structural homolog of MPO, demonstrated cytotoxicity comparable with that of the BMSE-W. The oxime functional group was found to be critical for activity. Increased poly-(ADP-ribose)-polymerase and -actin cleavage, and chromatin condensation observed in treated cells suggested apoptosis as a plausible cause for the cytotoxicity. This study, for the first time, identified a cytotoxic oxime in BMSE-W.
Eighty percent of the populations in developing countries still use natural products-based traditional medicine to care for primary health problems [1] . These natural products are mostly plant derived and are rich in compounds that have medicinal attributes [2] . Many of these plants are edible and consumed on a regular basis. One such plant is bitter melon (Momordica charantia L.), also known as bitter gourd, balsam pear, and karela [3] . This is found in many tropical areas including the Amazon, east Africa, Asia, and the Caribbean. It belongs to the Cucurbitaceae family. Extracts of various parts of bitter melon plants and seeds have been used for anti-cancer, anti-malarial, anti-viral, abortifacient, and anti-diabetic properties [1] . Manabe and co-workers [4] described a decrease in intestinal secretion of Interleukin (IL)-7 and an increase in transforming growth factor (TGF)-β and IL-10 secretion, leading to improved systemic immunity in rats fed with bitter melon extracts. Its consumption also inhibited the degenerative process induced by oxidative stress because of the presence of different types of phenolic compounds [5] . Improvements in glucose tolerance and reductions in fasting blood glucose in normal and diabetic animals and humans have also been observed upon oral administration of either the bitter melon fruit juice or seed powder [6] .
M. charantia contains many biologically active chemicals such as triterpenes, proteins, and steroids [7] . Triterpenes inhibit guanylate cyclase, an enzyme thought to be linked to the cause of psoriasis and elevated levels of cyclic GMP, resulted in altered cell growth and cell proliferation of normal cells and neoplastic cells, including leukemia. Polypeptide-p, charantin, and vicine isolated from the fruits and seeds [8] exhibited hypoglycemic activity and are able to improve serum and liver lipid profiles and serum glucose levels by adjusting peroxisome proliferator activated receptor (PPAR)gamma gene expression [9] .
Others investigators [10, 11] working on various extracts have demonstrated their cytotoxic activity on tumor cells. Proteins like momordin, α-and β-momorcharin and cucurbitacin B exhibited anticancerous effects [7] and were found to prevent prostate cancer [12] and HIV infections [13] . Several Ribosome-Inactivating proteins (RIPs) have been isolated from seeds and characterized [14] [15] [16] . These RIPs have anticancer activity, but, unlike Abrus precatorius and Ricinus communis RIPS, are not toxic to normal cells. Chan and co-workers [17] isolated two novel peptides MCoCC1 and MCoCC2 from M. cochinchinensis seeds that showed high cytotoxic effect on human melanoma cells. However, the seed extracts were observed to be more toxic than the novel peptides, suggesting unidentified proteins or molecules which may have higher cytotoxicity. A number of studies have established their in vivo antitumor activity via apoptosis in cancer cells [18, 10, 11] . It has been demonstrated that α-eleostearic acid, from seeds, and 15,16-dihydroxy-α-eleostearic acid, from the fruit, induced apoptosis of leukemia cells in vitro [19] .
Thus, bitter melon extracts have shown promising effects with numerous uses. However, the active molecules that contribute to such unique properties in many instances have not been fully investigated. Identification of the active components can lead to a better understanding of their pharmacokinetics, toxicity, metabolism and inexpensive isolation/synthesis resulting in development of better and more effective drugs. In the present study, methoxyphenyl oxime (MPO) has been identified, by GC-MS, as an active component in the bitter melon seeds water extract (BMSE-W) that showed significant cytotoxicity. Moreover, we have characterized that the oxime functional group is critical for the activity. Additionally, apoptosis is found to be the possible cause for the observed cytotoxicity. Chan et al. [17] isolated two novel peptides, MCoCC1 and MCoCC2, from M. cochinchinensis seeds that exhibited high cytotoxicity to human melanoma cell lines. They found seed extracts were more toxic than the peptides themselves, suggesting the presence of unidentified cytotoxic factors in the seed extracts.
With an aim to isolate one or more of these unidentified factors, three different extracts of bitter melon seeds were obtained in water (BMSE-W), ethanol (BMSE-E), and 50% ethanol (BMSE-EW) by mixing overnight at room temperature and then collecting the clear supernatant upon centrifugation. The color of the extracts ranged from light straw in BMSE-E to dark straw in BMSE-W and is likely due to the presence of phenolic and other aromatic compounds [20] . The BMSE-W and BMSE-EW extracts also had strong absorption at both 220 and 280 nm confirming the presence of phenolic and other aromatic compounds, including proteins (not shown). To investigate their possible effect, HEK293T cells were treated with all three extracts. The cells were observed at regular intervals under an inverted microscope. Approximately 7-8 hours post-treatment, the monolayer cells in the BMSE-W and BMSE-EW treated wells/plates had started to lift-off the surface, while no apparent effect was observed in BMSE-E treated cells. The cells harvested at 24 hours showed nearly 70% decrease in protein mass (figure 1) in both BMSE-W and BMSE-EW treated cells, with almost no effect in BMSE-E treated cells compared with untreated control. Consistent with the protein mass results, trypan blue assays showed significantly stained cells in BMSE-W and BMSE-EW treated wells (not shown). Essentially similar results were obtained when HCT116 cells were treated with these extracts. These data suggested the presence of one or more cytotoxic factors in the aqueous extracts (BMSE-W and BMSE-EW), but not in the ethanol extract (BMSE-E).
Bitter melon seeds contain proteins like RIPs that prevent protein synthesis via ribosomal inactivation causing cell death [21] . The cytotoxicity of BMSE-W and -EW could be due to the presence of similar proteins. SDS-PAGE analysis indeed showed the existence of a smaller protein (< 10 kDa) as a major band and a number of faint protein-bands, including a 30 kDa, which corresponded to the size of isolated RIPs (figure 2B, lane H 2 O). However, it was shown that the bitter melon seed RIPs do not exert cytotoxicity as they are unable to cross cell membrane to reach their site of action, ribosomes [14, 15] .
To rule in (or out) protein as a causal factor, we hypothesized that subjecting BMSE-W to binding with different types of matrices, one or more of them might remove toxic proteins from the extract rendering it non-toxic to cells. As such, we incubated the extract with neutral (Ag-agarose), polar (sand), anionic (CM-Sephadex, CB-Cibacron Blue), cationic (DEAE-Sephadex) and size-exclusion (Sephadex G75). Following removal of the unbound fractions (flow-thru), the matrices were eluted with 1.0 M NaCl. With both unbound and elution fractions, when tested on HEK293T cells, the cytotoxic effect was only observed in the former obtained from all six matrices (figure 2A). The results suggested two possibilities: 1) since activity was retained in the unbound fractions across the board implying that the factor(s) are non-charged and neutral, either small organic or very short peptides similar to MCoCC1 and MCoCC2 are involved, or both. In fact, a very small protein/peptide band was identified in SDS-PAGE analysis (figure 2B) of the unbound fractions obtained from all matrices as well as in BMSE-W; 2) no correlation between the extent of effect on cells across the board and the protein band intensity across the lanes ( figure 2B) , implicating the short peptide in the unbound fractions, and BMSE-W may have little contribution towards the observed cytotoxicity.
To further discriminate between protein and organic factor(s), we exploited heat and protease treatments to the extracts. The To separate the proteins and assess molecular size of the nonprotein factor(s), BMSEs were subjected to size-exclusion HPLC with detection at 280 nm. Compared with the chromatogram for standard ( figure 3A) , the major peaks in BMSE-W and -E were eluted in the total volume at which vitamin B12 (1.4 kDa) was eluted, peak 5. The one major peak in BMSE-W started eluting at 10.5 min and completed at 12 min with a shoulder at 11.5 min. Of the two major peaks in the BMSE-E chromatogram, the first started eluting at 11 min and completed at 12.5 min, with a shoulder at 11.5 min. Thus it is possible that the overlapping peaks between the water and ethanol extracts (namely between the retention times 11.0 and 11.5 min) may contain the same compound, but in much less concentration in BMSE-E.
In order not to exclude any active component(s) undetected by 280 nm, all eluents were collected at one min intervals until beyond the total volume. Each fraction was concentrated using heat under vacuum and examined for cytotoxicity on HEK293T cells. Two fractions, HPLC-11 and HPLC-12, corresponding to the elution time windows 10-11 and 11-12 min, from the BMSE-W exhibited cytotoxic effects towards HEK293T cells (figure 3B), comparable with BMSE-W. Thus, HPLC-11 and -12 fractions that contained overlapping peaks at 11.0 -11.5 min were analyzed by GC-MS. The total ion chromatogram from the HPLC-11 fraction exhibited a major peak at 4.5 min. The MS analysis identified the compound as methoxy-phenyl oxime (MPO) (Compound 1, figure 4) , with 89% confidence matching the library. For HPLC-12 fraction, two major total ion peaks eluted from the capillary column at 4.5 and 8.5 min. MS analysis of these peaks revealed that the compound at 4.5 min corresponded to MPO, as identified in HPLC-11, and the compound at 8.5 min matched 2-hydroxy-2-cyclopenten-1-one (HCP) (compound III, figure 4 ) with 84% confidence.
In the absence of commercial availability of MPO and HCP, we turned to available homologs of MPO and HCP: Acetophenone oxime (AO, compound II in figure 4 ), a structural homolog of MPO, and 2-hydroxy-3-methyl-2-cyclopenten-1-one (HMCP, compound IV in figure 4 ), a structural homolog of HCP were purchased from Sigma-Aldrich. To examine their toxicity toward cells, we treated HEK293T cells with or without AO and HMCP, and compared with untreated and BMSE-W treated cells. As shown in figure 5A , the results were remarkable: while HMCP exhibited no effect at all, AO was as effective as the BMSE-W. Doseresponse in HEK293T cells revealed the AO's cytotoxic effect was concentration-dependent ( figure 5B ) and reached a maximum at 2.0 mM. On the other hand, HMCP did not exhibit any dose-response and had a very little activity at 2.5 mM.
To assess whether incubation time plays a role, HEK293T cells were incubated with 1.5 mM of either AO or HMCP for varying times up to 48 h ( figure 5C ). Once again HMCP yielded no effect, consistent with earlier results. The AO cytotoxicity reached a maximum at 24 h, and then the treated cells recovered slowly at 48 h. This observation can be explained by slow breakdown or degradation of AO over time that allowed the surviving cells to grow back. BMSE-W in contrast displayed a time-dependent effect on HEK293T cells. This difference can be attributed to either the presence of additional cytotoxic factors besides MPO, stability of MPO better than AO, or other chemicals in BMSE-W protecting MPO breakdown. Taken together, these data with structural mimics demonstrated strong dose and time dependent cytotoxicity of AO, while there was no effect of HMCP, regardless of its concentration or incubation time, toward HEK293T cells. Based on these findings, it is reasonable to extrapolate that MPO in BMSE-W is responsible for its toxicity against HEK293T cells.
Rare steroidal oximes have been isolated from marine sponges, and recently two of them from Cinachyrella alloclada and C. apion, and one from C. australiensis have been reported to exhibit cytotoxic activities against different types of cancer cells and antiviral functions against hepatitis virus [22] . Apparently, the oxime group within these classes of steroids gives them such distinguishing characteristics. Oxime derivatives of radicicol have exhibited potent antitumor activity in vivo, while radicicol, with many interesting biological activities, lacks any antitumor activity in animal models [23] . Radicicol is an antifungal antibiotic that binds to the heat shock protein 90 chaperone, impairing its function [24] . Heat shock proteins aid in tumor cell growth by permitting protein translation and cellular proliferation to continue [25] . The presence of the oxime in radicicol increased its potential as an antitumor agent. The hydroxamic acid functional group is often found in matrix metalloproteinase (MMP) inhibiting molecules [26] . MMPs are involved in signaling pathways that promote cancer cell growth via angiogenesis [27] . These studies with various oximes seem to support our findings that armed with the critical oxime group, MPO present in aqueous BMSE is a potent cytotoxic molecule, and can serve as an antitumor agent.
We explored the mode of cell death in BMSE treated HEK293T cells using biochemical analysis. Since no increase in lysosomal enzyme -glucuronidase activities was observed in the media of BMSE-W, as well as AO treated cells that ruled out the possibility of necrosis (not shown). Western blot analysis using antibodies against poly (ADP-ribose) polymerase (PARP) and actin revealed extensive cleavage and/or breakdown of both in BMSE-W treated cells compared with untreated controls ( figure 6A ). Similar breakdown has been observed previously in Jurkat cells at late stages of Fas-induced apoptosis [28] . In fact, these cleavages were also observed in ethanol extract treated cells, but to a lesser extent. This could be due to the presence of MPO in lesser concentration, as indicated by overlapping elution peaks in HPLC, but was unable to induce measurable cytotoxicity. When analyzed, the antitumor protein, p53 also degraded in BMSE-W treated cells compared to control and BMSE-E treated cells. Implication of this finding is not clear, since degradation of p53 with apoptosis is not well recognized. However it is likely that one or more of apoptotic induced proteases degraded p53 at later stage of apoptosis as shown in radicicol oxime treated cells [23] . These data together illustrated apoptosis as the possible cause for the observed cytotoxicity in HEK293T cells treated with BMSE-W.
To confirm these findings that apoptosis is the mechanism by which BMSE-W induce cytotoxicity, we looked for chromatin condensation in HEK293T cells treated with AO and BMSE-W using Hoechst staining and fluorescent microscopy ( figure 6B ). Both BMSE-W and AO treated cells exhibited significant chromatin condensation compared with untreated control.
The hallmark of all cancers is the uncontrolled growth of abnormal cells for which very limited treatment options are available. Numerous studies on carcinogenesis have shown that most, if not all types of cancer attain resistance toward apoptosis [29] , which acts as a negative growth-regulating mechanism in cancer [30] .
Since the effectiveness of most chemotherapeutic drugs and γ-radiation is lessened in tumor cells with anti-apoptotic properties, alternative treatments that can induce apoptosis are desired [31] . For other beneficial properties, such as antioxidant, naturally occurring dietary substances to inhibit the progression of cancer via inducing apoptosis will be a desirable effective method for cancer treatment [10, 11] .
From these results, it can be seen that using HPLC/GC-MS analysis we identified a novel oxime (MPO) in aqueous extracts of BMSE that showed marked cytotoxicity towards HEK293T and HCT116 cells via apoptosis induction. Studies with structural homologs indicated that the oxime (C=N-OH) functional group is essential for the activity. Since cancer/tumor cells are defective in apoptosis, MPO or simply, BMSE aqueous extracts as a dietary supplement can potentially serve as an alternative treatment.
Experimental
Seed extract: Powdered seed (0.5 g) of bitter melon (M. charantia) was extracted with 2.0 mL of water, ethanol, or 50% ethanol in water overnight at room temperature (RT) on a shaker, followed by centrifugation at 5,000 RCF for 5 min at RT. The clear supernatants (extracts) were collected and stored at -20°C until use.
Cell culture: Human embryonic kidney 293T (HEK293T) and human colon tumor 116 (HCT116) cells were cultured following ATCC protocols. HEK293T cells were cultured in Dulbecco's modified Eagle's medium (DMEM) with 4.5 g/L glucose containing 10% (v/v) heat-inactivated fetal bovine serum (FBS) and antibiotic (100 IU/mL penicillin, 100 g/mL streptomycin), and HCT116 p53-/-cells were maintained in McCoy's media containing 10% FBS and antibiotic. All cells were grown at 37°C supplied with 5% CO 2 . Following overnight culturing in 6-or 12-well plates, the cells were treated with the M. charantia seed extracts, acetophenone oxime (Aldrich), acetophenone (Sigma), 2-hydroxy-3-methyl-2cyclopenten-1-one (Aldrich), or methyl benzoate (Aldrich) for the indicated period.
Cytotoxicity:
The growth media of the treated and untreated cells were removed, and the cells were washed once with cold phosphate buffered saline (PBS) and harvested in PBS. While 1/10 fraction was saved for trypan blue assay, the remaining cells were spun down and lysed in 0.1 mL of 1X cell lysis buffer (Promega). The cells were harvested in 1.5 mL tubes, centrifuged at 16,100 RCF for 2.5 min and the lysates were either used immediately or stored at -20°C until further use. In a 96-well plate, 80 µL BCA Protein Assay Reagent (Pierce), according to the supplier's protocol, was added to 5 µL cell lysate. The plate was incubated for 5 min at RT and the absorbance was measured at 570 nm in a microplate reader (Bio-Rad Model 680). Protein concentration values were plotted using Microsoft Excel as average ± SD of triplicate samples. The cells harvested in PBS was used for trypan blue staining and observed under a microscope.
Matrix binding and elution: BMSE (1.0 mL) was added to 0.5 mL swollen volume of agarose, cibacron blue, carboxymethyl cellulose, diethylaminoethyl cellulose, sand, or sephadex G-75, and incubated for 2 h at RT with moderate shaking. The mixtures were then centrifuged at 4,000 RCF for 1 min and the clear supernatant (unbound) from each was collected. Then, the matrices were incubated with 1.0 mL of PBS containing 1.0 M NaCl for 30 min on a shaker. The PBS eluants were separated by centrifugation at 16,000 RCF for 1 min.
Digestion with enzymes:
An aliquot (0.5 mL) of either BMSE-W or alkaline phosphatse (ALP) was digested with 5 µg of trypsin at 37 o C or 10 µg of proteinase K at 60 o C for 2 h. The digested samples were stored at -20 o C until use.
Size-exclusion HPLC:
The BMSEs were subjected to HPLC (Perkin-Elmer) on a size-exclusion SEC-400-5 (300 x 7.8 mm) column. Samples were separated using isocratic elution with 50 mM sodium phosphate containing 150 mM NaCl, pH 6.8, at a flow rate of 1.0 mL/ min. The column effluents were monitored at 280 nm using an UV-Vis detector. Fractions were collected every min, and concentrated using heat under vacuum to a volume of 50 µL. A volume of 1 µL sample solution was injected manually into the GC-MS system. Injection port and detector temperatures were 230°C and 220°C, respectively. The column temperature was initially held at 100°C for 5 min and then increased at 10°C/min to 250°C with isothermal hold at this temperature for 10 min. MS was operated with electron impact (EI) ionization mode setting at 1500 V with ion source temperature of 240°C and MS quad temperature 150°C. Mass spectral acquisition was performed using GC-MSD Agilent ChemStation Software. The spectra were acquired by scanning all ions from 35 to 600 m/z. Identification of the separated compounds was made by matching MS of the compounds in the computer library (NIST, AMDIS and MSSEARCH).
Gas chromatography-mass spectroscopy (GC-MS):

SDS-PAGE and Western Blot:
BMSEs, treated and untreated cell lysates, and other samples were analyzed on 10% or 13% SDS-PAGE gels. The proteins in the gel were either stained with Commassie Blue R250 or transferred to a PVDF membrane. The membrane was blocked with 5% nonfat dried milk powder in TBST (1M Tris-HCl, pH 7.5 containing 0.1% Tween 20, 0.9% NaCl) for 30 min prior to incubation with primary antibodies rabbitanti-p53 (Santa Cruz Biotechnology, Inc.), mouse-anti-actin (Sigma), or mouse-anti-PARP (Santa Cruz Biotechnology, Inc.). Following incubation with the respective alkaline phosphate conjugated secondary antibodies, the membrane was developed with chemiluminescent reagent CDP-Star (GE Healthcare) and exposed to X-Ray film (RPI).
Fluorescence microscopy:
Treated and untreated HEK293T cells grown in a 4-chambered slide were washed with PBS and fixed in 4% paraformaldehyde (in 0.2 mL PBS) for 15 min at RT. The fixed cells were washed 3 times with PBS, and once with TBST, prior to incubation with 250 µL of Hoechst 33342 solution (1 µM) in TBST in the dark. Following a wash with TBST, a cover slip was placed on the top and sealed with nail polish. The slide was observed under a fluorescence microscope (Olympus Biological Disk Scanning Microscope BX-DSU).
